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Thia invention relates to a method and apparatus tor 
hentlug an elongated space or * location cotltaininq an elongated 
hcutor. Kore particularly, the invention relateg to elecT.rlca J 
resiBtance heater for heating an elon^atod subtairanc&n fcoroholo 
nt rfltoii which are different at. different depths nt the borehole, 

;it ).ft known to be bohoiiclai to us* &longat<(d heaters 
uuch as well heatera, for heating tnte.rvi.lct c*t subterranean oarth 
formations, ptpo Interiors, or other elongated spaces. In various 
ffituationu, it is desirable to heat such epsces at relatively high 
to tetnperatuxee tor relatively long tine«. Beneficial reaulto 
obtained by such heating may Include pyrolielog oil sbale 
formations, coking oil to consolidate unconsolidated roaarvoti 
formations, coKlng oil to form electrically conductive carbonized 
zones capable of operating rb electrode* within a reservoir 
Conflation, thermally diarlacing hydrocarbons derived froa oils or 
tare ii\te production locations, preventing forftatlott of hYdrntoii, 
prftu J.pitatcs, or the tike in fluids which aro being produced from 
wells anoYor traivsnUtecL through pipeft, or thft iiXc . 

The invention aiff.a to provide a heatincj apparatus vhich 
20 is cftpable of generating heat at different rates at different 
dfipr.Us in a well. 

In accordance with the invention there .la provided \n a 
process in whiah subterranean earth formations within an interval 
rcoro thnn 100 foet long are heated to a tenperature of more than 
6o0 0 <:., ao that heat ia injected ftubctantialiy uniformly into tn&t 
Interval, an improvement for constructing and installing a heater 
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havtnqr tia el*c trical cable heating aection which is free of 
Rp.liices*, oouptisiiigi cotitftrui'tiutf «uid heating cablo section by 
compressive ly waging at leaat- one portion of a }uaotion-tcee 
electrical neattug cablft to roduco ita si^u at said at lu&st ono 
portion, said cable la at leaat ae long as the ftarth formation 
.Interval to \*e be&tcd and comprise; an axiiiily allied, malleable, 
electrically conductive core currounded by granular mineral 
Insolation within a metal ohoath, 30 that avaped portion generates 
heat at a rate higher than the uuayaged portion; correlating the 

10 location ol said swaging with the pattern of heat conductivity in 
the earth formation interval bo that at IftAFt one ooti)pre«(»iv«.ly 
waged portion of tho caola 1* located alon$ tho cable m a 
poaitlon auch that, when the cable iR extended along the v±avta 
formation interval to be n<iatort P the comprosaivuly swagod sorttoti 
Is adjacent to a portion of the earth formation interval In which 
che heat nonductivt ty is rolfctivoly hi9h» connoctin* o?iid 
•selectively swagod heating cable aection to at least one power 
supply cable and spooling the interconnected cables f and 
unspooling the Interconnected cable a into a welJbore along with a 

20 weight- supporting mfttal conduit while periodically antacfllng the 
cable* to the conduit and extending the cahlea and conduit to a 
depth at which the con.pre actively a waged portions of the cable are 
positioned adjacent to ttto earth £ormation:> having a relatively 
high thermal conductivity. 

vhc invention will now be explained in moro detail witn 
roferonce to the accompanying drawing*, in chichi 
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rigiira i is a thro e- dim enDional illustration Ot an 
electrically conductive cetiie eantftiniug staged and iin^way&d 
portions auitabla for uae in the pirecenT invention. 

figure 2 sohesifttioftJULy U.lur traces ttbe inera.lliog of an 
oloctrical xesiatanca hftater vithifj the well in ac chords ft Co cfith 
the present t aveo t low. 
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Figirre 3 3hcwo a sydlcc between a metal-Tshaatfiod lnsulft^d 
poxur supply crable and a m&tal-shcatheri insulated coble suitable As 
a beating element of the present invention. 

Figures 4 auS ^ illustrarta SpliOOS for electrics lly inter - 
5 connecting the conductive cores of a pair of ivetaL -sheathed minaoral- 
inFulated heating cables suitable tis being cables in the present 
invention . 

togure 6 shows on electrical power supoJ.y circuit 3uitabte tar 
use in the preeent invention. 

\0 tt¥3 preeent invention Is at in part premiiicd CO a 

discovery that the properties of an electrical conductor (such a3 a 
iretal-shoathsd solid ratHrjal-- insulated electrically conductive 
cable containing a single copper core) are such that results of an 
application of compressive swaging to the aitsidc of the roetal 

15 t&eath are transmitted through the insulation to tho core of 
cable in a manner euch thit CftOh of* these cenporjents ore 
subetantially Biaultajjeously reduced in crn«?s~sectiunai. curoa toy the 
sotx> relative amounts. The reductions in the cable core croas- 
aoctiarml area can be controlled to cause the swagad portion of tho 

20 cable to generate a significantly higher errevnt of heat per unit 
time than that which vrauLd have been gemcrabed wlthnnt the swaging, 
evton at a substantially louver te^eratiare. 

In a pro for red onfcodiivienrt of the invention, such ft swaging ie 
da a by a procoss oE rotary swaging f amounting to oe«prcssir.g the 

25 . cablo with many b]ows applied by rotating dies. Itotatlng swaging 
devioaa and techniques arc known and ccTiTDercially arvsiloblo. &uch 
iTQchinaa cccnonly contain two die? which reciprocate rapidly as a 
spindle in which th^y aru cnourrtod ic rotated, * ccennresaive rotary 
swaging operation involves a nanraring Action which has fchfi sana 

50 bsinaficial raaberial on natal as forging. It produces a desirable 
grain structure resulting in an incraaaed tensile strength aivJ 
elasticity. The colxl (in tcapernture* swaging tends to work harden 
frc-flt nefcallic materials- If deal red, such a hardening i*\n b2 ltade 
more flexible by annealing. 
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\n a rotary SWagir/j operation, the exttsnt to which the 9wags3 
material ia reduced in <arc<3-*-ste:rticnai area can 1» controlled very 
accurately. For ewawpla, sinco a cne.taX-ehaatbed solid natearial- 
insulatecl ooppsr-curei (^Lcctrically^acndurtivc oab.le hetweB as a 
5 yjiid irate r:lal during a rotary fevagimg c^eraticn, such a cab-lje 

having a diemoter ot trexn about 0.69 to 1 .25 cm can be swuged to a 
reduced diairotor with aw accuracy oi abtfJt plufl or minus 0.0025 cm. 

figure 1 illustrates swaged and unswarjed portions of a' cable 
preferred for ubb in the present invention. In tlie cable show, a 
10 stain loss steel aheath 2 surrounds a mineral insulation 3 

consisting of highly oompreseied grains of iraqnGaium oxide and a 
wolid conductive cure 4 of substantially pore cepp&r is 
"cnncTentrJ.oaLLy surroundti by the insulation and aheath. In A cable 
of the type ahewn, where the inner and cuter djarretexa off the 
15 Rheath 2 *itq 7,25 and 9 imi and the- diarrotor of the cos* 1 ia 3 ntti. 
iu the unavraged portion, the c&bte may <j=siBratB d temperature at 
about 600 °C «ben conducttcty L80 ciYpenties of altermtir^ current., 
Horever, in a swaged portion of the cable having fl diameter reduced 
by 1GS, a tenpearaMire of about 850 *C is ger^rabsd when tho cable 
20 is conOcctirg the aaroa current in tho saine environment. 

In a preferred earodurent, the pres&nt invention can be 
utiliied for providing a formation- tailored irathcd and apparatus 
for uniformly hearting long intervals of subterranean earth 
formations at high ttnrporature. *ccnrdinq to this /tethed 
25 si^erranean intervals are heated with an electric heatar 

containing at .leant ctne spjolable steeL-she^.thai mineral- insulated 
cctbld 'henang a solid central core of high electrical conductivity, 
Such a anblo can ho cirranyei to heat tba earth forTuacicne ao ttot 
boat 1*j transtrttted into the formations at a subs tap trially unifbms 
3!) rata, even when the boating involves more than about. 330 watts per 
cnatra at teEijokraturos between about 600 and 1000 *C. The urii€or«dty 
of the bent t ramus i b'Sion is ensured by providing the heater with a 
pattern of electrical resistances with depth within the well 
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correlated vith the pattern nf heat uandltctiv.Uy with depth within 
ths sujyvcxindLwj earth formations . 

Figure 2 shown a pr&farred eubodiTrent of a wall heater erf the 
present liwention bainy installed within a wall. Aff istattii, a pair 
J> 00 selectively swasjad haatcr cables with BMngad and unuv/scaeel 

portions of the type tficwn J.a Figure X are being un&oooled inoo a 
noli frrai spooling tneana 5 and 6 while a support irenibar 7, &uch as 
a wire lino or spcolable irertal conduit/ is concwreivtly unapcolod 
j.nto the well from a spooling means (not snewn) . line .\cwer end of 

ID the support neons 7 is attAThai bo a motor /rowts 9* snrh as a 

pinker bar for a vertical well or a pucnpnbla or otbtr nocor Tneaiia 
for a substantially horizontal wll The lower ends oi the heating 
cable, flvageS portions lb/ are mechanically attached to a cable 
junction or end-cennactor 9 in vMcb the cenductive ogteb arc 

15 electrically Inter oowne"ted (as shown in more detail in figure 4>. 
'fba juration 9 is alan mechanically connected to the support, member 
7, for escnrapk) by a strapping maana 12. The lcrfccir aids of the cable 
portions, tihlch Are swaged for increased heating, arc electrically 
intarooinactad in the erx^ exsnwee tor 9 and positioned to extend 

20 through the zone stalesstad for rcooivlrg the increase heating. 

Tie unswaged portions la or" the heating cables, designed for 
min-iXTal heating along tho sono to be heated* are positioned to 
extend above the swaged portions lb for a distance sufficient to 
reach a aano which is cool enough for an ihtCtfCCCffjec'ti/xi of tt« 

2-5 heat.^ru; cable poctiooe la with powar supply cables 10 by means act' 
jadrrta or splices U tor electrically and nadldsioally inter- 
connect ir.g ths pow&r supplying aj-4 beating cables. Tho power supply 
cables 10 ore arranged ior carrying a selected amount of current 
while generating Only a ittlniiml araount of heat, Tba details of 

30 suitable mechanical and electrical cable connecting joints for ilea 
with natal-sheathed ndneral-insoLitsad power supply ing cables are 
illustrated In Figure 3, 

as the boating and power supply cobles 1 and 10 axe run into 
tho wall , along v/Ath tJie weight-supporting strand ? » the cables are 
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periodically attached to tha strand 7 by neana of clunks or 
atrappirrq ae&ifts 1.2, Such clanpts t\XQ arranged to creating « 
friction between the cables and strarxJ which is sufficient to 
support the weight of tlve lengths Oct' tha cable? which are Izxtttcd 
5 between the claiqps. 

Figure 3 illustrates details of preferred arrapgwentn of 
splices 11. ftfl shewn, the: power supply cahia 10 b&ft a metal sheath 
14, audi as a copper BheatJi # surrounding an insulated olectrically 
ccofiuctivB core 13 aavxng a corrbinutlon ot crosB-aectiunal Area and 
10 electrical resi 3tar.ee per unit of length adapting it to carry the 
current to be used in the heating operation while generating only 
an inaigrj-ificfliit anount of neat. A» shewn, the power cable sheath 
14 aa veil as a power cable core 13 larger Chan tha aheath 2 
and core 4 of the unraugod portion of heating cablo la. Tha 
15 conductive cores of the cable are electrically interconnected, 
preferably by we J ding* tn general, the power cable can ortrprioe 
substantially any typa of electrically conductive cable which ia 
adequately heat stable at the temperature gerterated by tha minimum 
heating portion ofi a heating cable such as la. Where the Trexixnam 
20 selected nesting temperature is sufficiently low and/or tlvs 
distance batogeen the jever supply and zene to bo lifted is 
adexjuately short/ the pow^r supply cable can ccn^rise* a irotal*- 
slteathed mr^ral-intalatjod i5Oll<V-C0Ted cable which is selectively 
erwaged to provicfe tbo elected heatijig fcenperatjiire so that no 
25 splices soch splices 11 oro needed. 

A3 shown in Figure 3, a relatively short sleeve 15, auitfi as a 
steal sleeve, .is fitted around and welded or braced* or otherwise 
ffacnanically attached/ to the aheatii 14 o£ the power "cable 10. Tbo 
sleeva 15 is preferably selected to have an inner diajretfir forming 
30 an annular spftco between .it and aheath 2 largo oncugh to 

ao^anrcxJate a shorter atcel sleeve 16 fitted around the sheath of 
tl-je cable ia> In a profurred assembling prooaiure, before insertir-g 
the short sleeve \6 t aubecor/tifiilly all of the annular t$o.co between 
the cable core vKifcere 4 and 13 and clceve 15 .is filled with a. 
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pcwdared mineral insulating material such as magnesium c*idf.. The 
irVttURti.ng material i& preferably deposited within both hhe annular 
space between t)ia cable core? and the sleeve 15 its «e.U aa the 
space between the b"JU*bvc 15 and the Rhsath 2 of thj£ oable la, and 
5 vibrated to oorpact the mnas of particl.e?> Sleeve 16 c*n tdien 
driven Into ere spaue between the alewe IS and sheath 2 so thar. 
the nos* of mi]tf:ra.l insulating particles In conrpacted by the 
driving fores. Sleeves L5 and 16 and a heath 2 are then welded or 
braced togetlAr. 

10 Ficnire <1 illustrates details of an end connector or splice 9. 

as shown , cables ih una axtanded thrmiyh haled in a steel blnck 9 
so that short sections lc extend into a cylindrical openly in tJie 
central portion of tha block. T3ie electrically conductive oore-s of 
tha cables are welded together e.t we .Id 17 and the cab.ld Shaaths are. 

1? ^id^d to block 9 at we Ida IS. P.ruicrably, the central conductors 
□f the cables are surrounded by a heat stable olectrical insulation 
guch as a ctitisa of carapace pcwderiJd mineral particles and/or by 
disc? of ceramic materials (not shown) , after viiich tha otntrai 
opening is sealed, for example* f by veldlrig-on pieraa of steal (not 

20 shnwrx) . Where the heater is supported , as shown it) ?i.gure 2, by 
attaching \t to an elongated cylindrical structural member 7, a 
groov© iy is preferably formed along an exterior portion of end 
epiiioo 9* to mate with tte structural msaubar and facilitate tha 
attaching of the end piece bo that renter, for axanple, by a 
strapping crawls 12- 

Figure 5 shews a preferred type of end connactar which 
eliminates the need for cutting and wilding a heater Oiib]j© to form 
a peir of heater cobles, such as cables 1.6. 'ite heater cable is 
sinply cent into a U-turn and [nechanioalLy clanged to block 20 by a 

30 tool bed-on clamping plate 21 . Tho block 20 is preferably provided 
vtth grcowe 27. to facilitate tha ttlanping of it CO a cylindrical 
structural iravber so^h as\ the cylindrical wenibor 7 shewn in 
figure 2. 
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.in general, the power supplying el-enentB enn ccmprieti 
auhBtontialLy any or IX sy&tan Capable of caua.ing a haator of 
the present type to heat at tho selected relatively high rato. Such 
a heating rato can be about 33n watts f/ar metre or toot*. 
5 Figure 6 i& a diagram of a preferred arrangement at 

alternating current electrical power supply irjg elements .suitable 
for the present typo of heater. This arraiirjertent Includes two 
Inverse, parallel, ai2ioon-cantrolled rectifiere (SCRs) in the 
circuits of. both elements of a two-flQemesih heater. In such a 
30 MLfucod system the heater lags should be of equal reGistancc so 
that tha Cttble- coce junction, paint A, (within end connector 9 J can 
retrain at zero voltage or virtual ground potential- l*je sheaths of: 
the heater cablos Arc connected to the grounded centre rap of the 
trajxsfionusr Hrcnndary- Since paint A repreoentB tho welded 

15 cOfirjGCtlon within the end piaoo 9/ the poeencial differenuo between 
tho connection and the housing will bo 2ero tor all practical 
purpose*;. Ihsse points raald be in electrical contact without any 
conduct lan of current. At points advancing upward alcn? the lege of 
the heater, the potential difference between tho shoaths and the 
20 central conductor can increase and final iy reach onaxinum3 such s-a 
plus or minus. 2<0 V. 

In various situations in which an elongated space ia to be 
heated, the in aitu thermal ccnductUn Tray vary significantly 
vitMn various iay&rs or locations alongr that space. A mora heat 
condiictave layer will carry off this hoat generated by a heater 
faster than a less conductive layer. Au a result, the temperature 
maintained by an electrical resistance lioater carrying a given 
amcunt of current will be lower opposite u more conductive layer , 
in situations in which it Is desired to maintain a flat or uniform 

30 heating rate aloJig the space bclrg heated, it ia dasirablo to 
reduce the heater core cross-sac fcional area in order bo garior&te 
heat at the aarre rate ag that in otJier portions of the heater which 
are liotter. 
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An aloctrica.l resistance? heater nan be cauewd to <^»cfate 
selected hearting rates at different Locations alocig the heater Jry 
installing boater sections ocjntziinltVj conductors erf varying cross<- 
actions. 'Vne siuaLl^r aare or oanductor cros£>-secticrjB exhibit narje 
5 rosistarvoR to thu electrical current flow and thus generate teat at 
a rate higher than weald be gar-crabefl by a thtckor core At ths 9<arr« 
ten^arature. Ftor exanpls, it can 'neat at a salcetecl rate at lx*#zr 
te,npsrature existing along a relatively more hseit caxSuctive layer 
or cone within the apace Uiirvg heated, 

\0 Tho present invention provider, a iretboj of causing a heater 

having an electrically conductive coxe which ia continuous and 
unitary to generate constant and/or selected avramta of heat alcsvg 
one di: a multiplicity of different portions of the heater without 
requiring a jxuLtitudc of heating cable, splices. Particularly where 

15 the heating is to ba occichxted ar. relatively high tcn^raLmrrea foe- 
long tiiresi welding proMeras and opportunities iter leakage are 
inherent in any cuttiyig and splicing of electrical haatlnj cables, 

Irj respect to eo\ electrical resistance heater corrpcrising a 
pair of electrically interconnected jnathl-sheathed solid imtcrial- 

20 insulated cables each containing a malleable octal electrically- 
conductive oars, foiar <?ets of rntary switching dies can be arranged 
for providing percentages of tfiairetrical roductictis ot 6/ 12, IB 
and 24 in tba initial overall diacneter of oach cable and its 
conductive core. reduevrxr ore portico of the- cable diameter by 

;i r j 6% and another by 121 , the overall reduction is 9% . IV 3Uch 

procedures, tba overall cross -sectional reductions for both legs of 
the heater can be provided in oigftt steps of roughly L01 each, Por 
oxAKple, see foe following table: 
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DtAMBTRICAL 


CRCSS-SEOTJCMAL REDUCTION 






(*) 


L9G I 


LEG 2 




0 


6 




6 


6 


-n.:i 


0 


12 


34,2 


12 


12 




12 


1.8 


55.3 


13 


L9 


fi.5.5 


1.8 


24 


75.0 


24 


24 


84.5 



m such a procedure, if the sbcw^Bcribed praforr od power 
supply is to be used, it is mosssary that each leg of tha boater 
after reductions ill its cere discrete* h&ve an overall resistance 
ocjualltng that of the other leg after reductions in its ooore 
5 diairF.ter* This is noo&ssaxy to ensure tho zero voltacje potential of 
rha inter odnrtXtod caivJucrtora in the end yiace. TV^US, it is 
iieceaeatry to divide the overall extents of electrical care 
reduction evenly avar loth lengths of the heater. 

Substantially any Dccn^rosilve swacfipg procedure which is or is 
10 subst ant 1 ally equivalent to rotary sw&qing can ratably be iised in 
prcctisirtg tJ"ue preawit invention. S&aavales of waging mchirxis 
and/or tedirilques which czai suitably bo used ace incluRi^re of di» 
closing awning machines, such aa those jr^ruif actxired by Tte 
Tt>rringtco Cu:npany r or Abbey ^etna itechine Ctxrpany or Fem 
t5 Manufacturing, etc. 

R-nwer supply cables capabLe of. transmitting th& amount of 
current selected to be ueod whiio generating cmiy a relatively 
insignificant arrcunt of heat and hnvin.7 sufficient thermal 
stability fox- electrical and rcoch&nicBl ati:ac*isnRnt to thu motaL 
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sheathed cable scluuted for Generating a (idnlflUia ancunt of heat can 
suitably be uned ia this Invention. Bcanplac of sush cables include 
those available as Bioc/Pyrotenac (41 rabies. 

In general, in a situation in which an electrical contetor 
5 vje£<2 not £o insula bed, the present Invention «m be practised %-tch 
substantially any e.Xftctrioal conductor which ia continuous and 
unitary (i.e.* is a cantinjiooa body froo of jLa teic c nn ectgd ' fitfpeauts 
ox strands} Kind ha* a core or con due tar thickness (i.e. a cxogs- 
secbicoal area of the clectxically cond&ctivo (reterial) vhicb is 
10 different in different locations along the length of the electric?:! 
conductor. Preferred electrical conductor g axqprise single 
cetiductive cores of malleable metals or alloys surrounded by a heat 
stable solid insulated material witilin a heat stable tfGtal Sheath 
such as refractory pcw3er or solid fibre insulating materials 
}.5 w.ifcbiu copper or stcol sheaths. A copper core surrounded by 

powdered wsgrwsium oxide within a copper sheath for use at noaerato 
temperatjorea, or a stainless steel sheath rbr use at high 
torpor a tuxes, is particularly pre ['erred . 

in general, the present invention can te utilised to initiate 
20 and n&mtaLn a substantially uniform rate of Ixeatirxf along a space 
containing at least one portion having a relatively low rata of 
]iea.t conductivity and/or to establish said maintain a relatively 
high rate of. heating along selected portions alar>? a space 
. thrcoqheut which the rate of heat conductivity is nearly uniform- 
25 lfce variations in haart canciuctjvity with distant &lcog an 

eLcrgated path can be determined by means of nuraeroue knewn and 
available ds : 7ioe» and technic^iac . 

In a particularly pxefurrcd procedure for utilizing the 
present invention tor heating along a path along which the beat 
30 conductivity is noto-unifbrm, a election is made of the rate of 
heating to be provided when an electrical conductor having the 
ccn^ceition to be used is conducting the amount of current to ba 
used within a haoogonaous medium having th& lowest heat 
cendoctivity bo be enoountcaccd aJcng the path to be heated* The 
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maximum thicknataS for t'ne elentrioal conductor to ba need is then 
ths tbiclctieaa which providsa that rata of heativ.g in that 
situation, 'ibe thickness of porticos of the oafidcctnr to be 
positioned along portions ot the path which have higher heat 
r, nand activities are then /rado thinner to an extant substantially 
oarpensating for Che mora rapid cartittcting-^away of the heat by 
those higher hsat caiduntivities. 

Mtemati*?«iy f where it ia desirable to generate heat at 
reUtiveLy rapid rates along par Lions of a peth to bs heated (for 

10 exairple, alung top and bottcni portions of a mtfrterrajic&n earth 
faonrat^nm) such an arrangement can ba mada, a.leha.igh the- heat 
conductivity mny b& substantially uniform all along the path to ]je • 
heated, conductor thictaess; an-i resistance to be uasd Along 
most of tlte cable conductor are select^ to provide the selected 

15 rate of haa tang along a hcrogetisous material having the. luiat 

cccductivity <yjmxca to moat of tho Interval, to be heated. Ttoen, t±& 
riore rapid heatirjg rate along seJiactea portions of the path can be 
obtained by thinning the portion* of the conductor to be existed 
along those portions oil the path, 
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THE ftab0t>:CMKJ1T3 OF THE IHVSHTXOfl IN WHICH AH EXCLUSIV3 
PROPERTY OR PRIVILEGE 13 CLAIMED ARE DKPIHBb AS i'0U.0W3: 



1. . In a pi-ocaac In which subterranean earth formations 

within an interval more th.au XO(l f.eet long are hQHttfd. to a 
temperature ot more that* 600°C. , so that heat is injected 
substantially uniformly into that interval, an improvement fox 
constructing and Installing a heater having an electrical cable 
heating section whtoh id free of splice, comprising » conatructiag 
said heating cahle section by compress ively swaging at least on« 
portion of a juootion-tree electclcai heating cable to reduce its 
6i2o At 8uld at least one portion, said cable is at least aa long 
aa the earth formation interval to be heated and comprises an 
ax^ally aUgncd, foftlleahla, olactrically conductive core 
surroundod by graniiLar mineral JLneutatlon Within a netai BhtAth, 
so that &wage<l portion g«n*r«tes heat at a rato higher than the 
unpaged portion; correlating the loo an .Ion of said Rwaging with 
the pattern off heat conductivity in the oarth formation interval 
BO that at loaot one comprasaively swayed, portion of the cable is 
lncaced along the cable in a pouU'lon »uch that, wh*n thn c^blc is 
extended along tfte earth formation interval to he heated, the 
coiaproHsd vely sxsged portion ia adjacent to a portion of the earth 
form at. ion Interval in which the heat conductivity is relatively 
high) connecting said selectively swaged heating cable ftection to 
at least one pover supply cable And spooling the interconnected 
cables > and un spooling the interconnected c&bl«« XntO a wellborn 
along with a weight-supporting metal conduit while periodical ly 
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ai:t&cMu4 t l lfi cable p to tlxe. conduit, and extending the cable a and 
conduit to a do$th at which the coinpeensivoiy svas'ed portions oi* 
the cabLe are pos Uionert adjacent r.o tU* earth tonaatinnB having a. 
relatival/ high thormal conductivity. 

SMART fir BIGG AH 
Ol'YAWA, CANADA 
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AO 3TRACT 

iranro rats vwuant 

ELOKGKTED ELKOTtCM* RESISTANCE HEATER 

an electrical resistance beater capable of generating teat at 
different rtrtes at differed b locutions a-lcn? its ierxfth a 
ccntinuous ar>J unitary electrical conductor havir^j a thicfaicss 
vrtiich is different at different locations along its length. 
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